We presented a nonlinearity measurement facility of the photodetector using laser beam in this paper, with both the power mode and the irradiance mode. Lasers with different wavelengths are used to investigate nonlinearity upon wavelength. For the power mode, the laser spot size is much smaller than the sensitive area of the photodetector. T he nonlinear factor is measured with the laser power varying over six orders of magnitude. For the irradiance mode, the laser is guided into an integrating sphere to make the spot size much bigger than sensitive area of the detector. The linearity of the photodetector is measured over three orders of magnitude. Combing both modes, the nonlinearity of the silicon photodetector can be measured in a much larger dynamic range. At 632.8 nm, the nonlinear factor is found to be less than 0.015%. At other wavelengths, the nonlinear factor is found to less than 0.03%.
Introduction
Photodetector is the most important detector element in optical radiometry and its responsivity characteristics affects the accuracy of optical radiation measurement. If the photodetector is used to measure two light sources at different power level, whether the responsivity of the photodetector is constant at various light levels must be considered.
Beam-addition method is most frequently used to investigate the nonlinearity. Broadband light sources are most widely used in linearity measurement, such as blackbody, halogen tungsten lamp, and Nester light source. Shin measured the linearity based on flux addition using two LEDs with FWHM of 20 nm. However, for a broadband light source, the linearity is measured while the photodetector responding to the whole spectrum. Whether the linearity responsivity at every wavelength is the same is not known. Although light source combined with monochromator can realize the linearity measurement at each wavelength, the variation of the power can't be varied over a large range. With the progress of laser technology, linearity measurement using lasers show great advantages. Especially tunable lasers can be used to measure the linearity at every wavelength like the monchromator method. Toomas tested the linearity of photodetector through comparison with a reference photodetector using lasers. Atte investigated the absolute linearity of photodetector at 633 nm. The results show that laser facility has advantage in nonlinearity measurement.
Principle and Experiment setup

Principle
In this paper, laser beam addition method is adopted. The nonlinear factor is calculated using the recommended formulae. Figure 1 shows the laser nonlinearity measurement facility in power mode. The laser is first stabilized by a BEOC power stabilizer. Then two glan-taylor prisms are placed on the light path. After the second glan-taylor prism, a beam splitter is used to separate the light into "A" path and "B" path. The direction of the second glan-taylor prism is adjusted to make the power of the "A" path and "B" path nearly equal and then fixed. The direction of the first one is adjusted to change the whole power of the laser. The laser power can be varied over six orders of magnitude by the two glan-taylor prisms, and be adjusted nearly 20 times by the laser power stabilizer. All in all, the laser power can be varied over 7 or ders of magnitude. Finally, the separated laser is lead directed onto the surface of the photodetector in power mode, with the diameter of the laser smaller than the sensitive area of the photodector. S1337 is used as the photodetector under test. The current of S1337 is monitored by Keithley 6517B.
Laser power mode
Figure 1 -Laser nonlinearity measurement facility in power mode
The measurement is carried out in a symmetrical operation. 1) the background signal Sbg1. 2) the signal of "A" path is recorded as S1. 3) the signal of "B" path is recorded as S2. 4) the signal of both "A" and "B" paths are recorded as S1+2. 5) the signal of "B" path is recorded as S2'. 6) the signal of "A" path is recorded as S1'. 7) the background signal Sbg2. The nonlinearity formulae is calculated using equation (2). When the current of the detector is less than 1 nA, 20 times average is used. Several lasers are used to test the nonlinearity of the photodetector, including the 4 05nm, 632.8nm, 780nm and 940nm. Two apertures are used to define the optical path before the power stabilizer. For 780 nm and 940 nm, a Thorlab card is used to observe the light path to make the laser go through the two apertures. The measurement optical paths are fixed without any chang e when the laser is changed. Figure 2 shows the laser nonlinearity measurement facility in irradiance mode. Different from figure 1 , the combined laser is guided into an integrating sphere. Then the laser fulfills the sensitive area of the photodetector. The distance between the photodetector and the exit of the integrating sphere can be changed according to the maximum current needed. Figure 3 shows the nonlinearity factor at 632.8 nm, with the current of the photodetector varying from 0.15 mA to 125 pA. Results show that the factor is less than 0.015% through the whole region. When the current is less than 500 pA, the absolute value is larger than 0 .01%. At 500 pA level, 100 fA fluctuation will result 0.02% change. It seems that if the signal-to-noise can be controlled better, the result will be more close to zero. Also, the factor has both positive and negative value around zero. When multiply all the nonlinearity factor from 100 pA to 0.2 mA, the result is 1.0003, which means that the photodetector at 632.8 nm has a good linearity not more than 0.03% over six orders of magnitude. Figure 4 shows the nonlinearity factor at 940nm and the nonlinear factor is less than 0.025%. The current is varied from 0.7 mA to 100 pA, nearly covering seven orders of magnitude. When multiply all the factors, the difference between the product and one is about 0.05%. Comparing with the result at 632. Figure 5 shows the nonlinearity factor when the current of the detector is changing from 136 nA to 0.1 nA. Results show the factor is less than 0.02% over the whole scope like in the power mode. For comparison, the linearity in irradiance mode is tested at approximate current like the power mode.
Irradiance mode
Power mode
On the other hand, the current of the photodetector can be decreased less than 0.1 pA. So the nonlinearity can be measured in nine orders of magnitude with the help of the two different modes. Also, if the distance between the photodetector and the integrating sphere can be varied, the nonlinearity can be tested at a much lower laser power level. However, with the decrease of the current, the fluctuation of the nonlinear factor increases due to the signal-to-noise. Many times average is needed to obtain a better result.
Nonlinearity of photodetector is investigated using lasers in both power mode and irradiance mode. The nonlinearity is measured in the low current range below 10 -9 A. With the help of different lasers, the nonlinearity can be realized at different wavelengths to check the wavelength dependence. On the other hand, by combining the power and irradiance mode, the laser nonlinearity facility can test the nonlinearity over nine orders of magnitude and be used as a low light level radiation source.
